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IMTRODUCglON 
ag r i cu l t u r a l c rops . I t p l ^ s a p ivo ta l ro l# in the ru ra l 
economy of our couatry, ©specially i n the northern region, 
where i t i s the main cash crop which sus ta ins the farmers 
during the lean winter season when no other sources of 
income from cu l t iva t ion a re avai lable to them, India i s , 
a f t e r Brazi l and Cuha, the l a rges t cane-growing couatry i n the 
world. In !968-$9 we had 2^32 thousand hectares under the 
crop, y ie lding t24»676 thousand tonnes of cane, the average 
production per hectare being i+9 thousand Kg (Anonymous, 1969)* 
Sugarcane thus accounts for 8% of the t o t a l cropped area in 
the country and Z,% of the area under food crops. 
Sugarcane i s a t rop ica l plant which th r ives best i n a 
t r o p i c a l climate but i t i s qu i te adaptable in nature and i s 
extensively grown i n sub- t rop ica l regions as wel l . In India , 
the southern region cons t i t u t e s the i d e a l c l imat ic zone for 
sugarcane but i r o n i c a l l y the south accounts for only about 
11% of the t o t a l area under sugarcane in the country. Thus, 
89% of the t o t a l area under the crop l i e s in the sub- t ropica l 
zone, i * e . , %h© northern region, pa r t i cu l a r l y in the s t a t e s 
of TFttar Pradesh and Bihar. The y ie ld of cane per hectare i a , 
however, lower in northern India as comparad to the south 
(Maharashtra a»d Tamil Nadu) but ae i t i s not economieal %o 
produ«(e e u i a v e ^ t i n t he i d e a l zone ( tba mmt ®f fi*@4ttftici» 
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b«lng double of that i n the north) the eub-t3:^pical zone i s 
the major cane producing region in the country. The average 
yxwl^ ±^ the^ south^is between 70 and 80 tonnes per hectare 
while in the north i t i s as low as i^ tonnes/ i iect^re . The 
percentage of sugar recovery in the Sftuth i s 10#85-10»09 
while i n the north i t i s only 9.50» The bulk of the sugarcane 
produced in the country i s contributed by Horth India* Of 
the Northern S t a t e s , Uttar Pradesh heads the l i s t in cane 
productioni accounting for 50% of the t o t a l area under 
sugarcane i n the country* However, i t may be pointed out 
tha t i n s p i t e of having a l a rge area under cane, the average 
production of cane and sugar i n Uttar Pradesh i s very low. 
I t i s , therefore , in the i i teres t of the na t ion , as well 
as the growers, tha t attempts should be made in a systematic 
and concerted manner to evolve a su i t ab l e package of agro-
nomical p rac t i ces to increase the y i e ld of the cane as well 
as the r a t e of sugar recovei^. Judicious manuring plays an 
important ro le in increasing the y ie ld of cane as well as 
the recovery of sugar. We cannot c rea te the i dea l climate 
for the crop in North India but we can, without any doubt, 
enc^vour to bring the production of cane and sugar a t par , 
o r as near to i t as poss ib le , with tha t in South. 
Ju ice pur i ty and sugar recovery depend on the s tage 
of the maturity the crop has reached a t the harvest ing and 
crushing t ime, farmers des i re to harvest the crop a* ear ly 
as poss ib le so that they may get the <!ash sore ly ne«dy«4 by 
them in addit ion to ge t t ing the flelcls vacated f^ x" •««• 
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other crop. Thus, they often harvest the crop at a stage whea 
the cane has not yet sufficiently matured which is bound to 
result 4n pooj^  Juice ^usdity and poor sugar recovery. On the 
other hand, in case of bumper crops, harvesting is delayed 
beyond the period of maturity, owing to the inability of 
sugar mills and "Khandsarl" units to accept surplus cane for 
crushing, as happened last year, resulting in colossal 
financial loss to the growers. If it were possible to 
accelerate the process of maturity and ripening or to delay 
it, according to the conditions in the sugar mills and 
"khandsari" units, by making suitable adjustments in the 
manuring schedule, it would be of immense benefit to the 
growers, the crushing industry as well as the national 
exchequer. 
It is, therefore, proposed to undertake an investigation 
aimed at studying the response of various varieties of 
sugarcane to NPK application as regards yield, maturity and 
juice quality with special emphasis on the last two aspects. 
-4 , 
RMim OF LIfESATUBE 
Farm yard msaaur© flii4s aa Important place i n tlio 
fe r t i l i sser programme i n a l l kinds of crops throughout the 
world spec ia l ly i n the underdeveloped count r ies . I t was 
believed for a long time before the nineteenth century tha t 
the e n t i r e n u t r i t i o n a l requirements of crop p lan t s were 
provided by the organic f e r t i l i z e r s applied to the s o i l . 
As a r e su l t of chemical ana lys is of s o i l s as well ae of 
the ash of p l an t s grovdng in them, ear ly plant phys io logis ts 
end s o i l chemists come to the conclusion that the composition 
of p lan t s var ied isith the s o i l , plant par t analysed and age 
of the p lan t (do -aus«ure, 180/.; Houcsingault, 1838» l8i|.1; 
U e b i g , i8/)0; Salm-Horstmar, \Qk9, l8;;i} Way, 1850; Wolff, 
1871). 
Besides the framework elements, carbon, hydrogen and 
oyygen, tho importance of sulphur, phosphorus and nitrogen 
±Ti tho synthecds of pro te ins was soon es tabl ished and these 
elements were r i gh t ly ca l led ae protoplasmic elements. In 
addi t ion to these elements, the e s s e n t i a l i t y of potassium, 
calcium, i ron and magnesium was also es tabl ished (Sachs, i860; 
Knop, 1861). However, farmyard manure does not contain the 
required quan t i t i e s of the elements referred to above. 
Calcium, i ron and magnesium are cupr^lied in suf f ic ien t 
quant i ty by gradual s o i l t ransformations. Sulphur and a psuri 
of nitrogen a re supplied by decaying plant and orgaale »Att«r* 
However, n i t rogen, phosphorus and potassium are r«BOV«<l fey «vipi 
mm R«»» 
a mach higher rate than most soils can generate, and therefore, 
they must be added to the soil in various ways before souring 
a crop* These three elements are, therefore, rightly called 
as critical elements* 
In addition to the ten elements mentioned above, that 
are required in rather large quantities, a few other essential 
elements are required in very small quantities, these are 
referred to as trace elements or micronutrients. Since soils 
differ remarkably in their fertility status, capacity for 
regeneration and capability of stimulating and supporting 
plant growth, the uee of organic manure alone in the 
fertilizing programme would not bring about the desired effect, 
J^etemination of nutrient requirements by foliar 
analysis and study of soil and fertilizer relationship are 
helpful in determining the amount of macronutrients, in 
desired proportions in the form of inorganic or artificial 
fertilizers. Since nitrogen, phosphorus and potassium are 
removed in rather large quantities by crops and most soils 
requj,re replenishment of these three critical elements, an 
understanding of the uptake, distribution and metabolism of 
these nutrients is necessary. ^  brief account of these three 
elements on plant growth and development is given below. 
NITROGM 
Soil and atmosphere are the two sources of this element* 
Although atmoaphere contains about 80% of nitrogen by volii»t 
it i» not available to the plants except a very linlted 
.6 . 
number of micro-organisms. The chief source of ni trogen i a , 
therefore , the s o i l where i t i s present in the combined foru) 
ae n i t r a t e s , n i t r i t e s or ammonium sa l t s* A n these s a l t s are 
foOTea hf vaUoas agents p a r t i c i p a t i n g in tiie "Nitrogen Cyele'l, 
The chief sources of n i t r a t e s are sodium n i t r a t e , 
potassium n i t r a t e , ammonium n i t r a t e and calcium n i t r a t e * 
Other sources of ni trogen are farmyard manure and urea, ^s the 
uptake of nitrtrgen in a majority of p lan t s i s high, and a 
par t of ni trogen present in s o i l i s destroyed by s o i l micro-
organisms, the f e r t i l i t y l eve l comos down re su l t ing in a 
defj-ciency of nitrogen in crops as they grow and mature, 
Fucntions of nitrogen 
Being absolutely essen t i a l for protein sjtnthesis, i t i s 
an i n t e g r a l par t of protoplasm and nucleus . Hitrogen i s 
present i n such important molecules as pur ines , pyri . i idines, 
porphyrins and several co-enzymes* Purines and pyr ia id ines 
arc found in nucleic acid, RNA and Wk, which are e s sen t i a l 
for prote in synthesis* 
The porphyrin s t ruc tu re i s present in the molecules of 
chlorophylls and cytochrome enzymes which play a very 
important ro le in photosynthesis and respi ra t ion* To sum up 
"The physical bas i s of l i f e " and the genetic mechanism 
detennining the e n t i r e make up of generations are due to the 
presence of nitrogen in the form of complete organic molecule* 
present in a plant c e l l (Steward and Duruzan, 1965)* 
PHOSPHORUS 
I t i s avai lable to the p l an t s from s o i l ite«re I t im 
present as phosphate ions H P^O'. and H Pof". I t i s aot prsssnt 
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in abundance in the soils and if present part of it is 
"fixed" and thus made unavailable to the plant. Since plants 
need a fairly large quantities of phosphorus for healthy 
growth, it is necessary to supply fresh quantities ©very 
season* 
Functions of phosphorus 
It is an important structural component of nucleic acids, 
nucleoproteins, phytin, phospholipids, ATP, HAD, NADP and 
numerous phosphorylated compounds* Maximum amount of phosphorus 
is found in the merlstematic parts• Phosphorus is actively 
involved in the synthesis of nucleo-proteins, first by being 
present in nucleic acids and secondly by activating amino acids 
for protein synthesis* 
Phosphorus plays a very important role in the energy 
transfer in respiration and photosynthesis through ATP. 
Phosphorus and nitrogen metabolism of plants is very much 
interlinked and the deficiency of one in the groisling medium 
upsets the metabolism of the other in plants* To sum up, 
phosphomis is "involved practically in every synthetic 
reaction of the cell" and,therefore,influences vegetative 
as well as reproductive phases of growth (n©«ltt, t963)« 
POTASSIUM 
I t i s the only monovalent cation e s sen t i a l for plant 
growth. Potassium i s found in la rge amount in rapidly 
groisdng regions, e . g . , buds, young leaves , root t i p s aad 
developing f r u i t s . I t i s present in exchangeable and wat»r 
soluble forms in so i l* I t does^ot ©nt#r i n to the coapositlo® 
-8-
of any important organic compound present in plants. 
Functions of potassium 
It acts afi activator of about forty enzymes including 
the enzymes of phosphorylation anti protean syathe^s* As 
such, its deficiency results in the disturbance of most of 
the physiological processes. Potassium is essential for the 
formation of sugars and starch and also for their translocation 
through sieve tubes. It is aeede4lG cell division, reduction 
of nitrate, development of chlorophyll and stomatal movements. 
Besides it is believed to be essential in maintaing the 
organisation, penneability and hydration of protoplasm (Evans 
and Sorger, 1966), 
NPK requirements of sugarcane 
As sugarcane is a very heavy feeder, drawing enormous 
quantities of NPK^ besides other nutrients, from the soil, 
judicious application of cheaical as well as organic fertilzers 
is necesGary for good production of cane as well as for 
achieving desired maturity and ripening for good sugar recovery 
at the time most favourable to both the cane grower and sugar 
industry, A lot of woik has been done in India, as well as 
abroad, on the nutrient needs of sugarcane but still there are 
many aspects of the problems that need further exploration 
and investigation, particularly in view of the evolution and 
introduction of new and improved varieties. 
The commercial varieties of sugarcane differ greatly 
in their ability to extract nuttlents frv>ni soil and in their 
content of mineral elements. % e rate of nutrient absofptions 
also varies considerably with the age of the plants 
«9« 
A© early as 1933» Ayers reported tha t there was a very 
ac t ive absorption of nu t r i en t s in the sugarcane between 3 and 
6 months of age, with potassium continuing to be absorbed in 
l a rge quan t i t i e s in the case of a 24 month crop in Hawaii 
(Humbert, 1968). 
LakshmjTkantham et a l , (I960) reported from Anakapalle 
tha t the uptaice of nitrogen was qui te high from the fourth 
month onwnrds and reached the peak by the ninth month, while 
the re was a marked f a l l in the uptake of nitrogen by the 
harvest time* 
Results from Hawaii show t h a t , with heavier doses of 
n i t rogen, the uptake of nitrogen continues \7oll in to the 
second years groT/th (Humbert, 1968). Thus, sugarcane draws 
n u t r i e n t s over a wide per iod. Co /+19 crop harvested a t 12 
months and yielding 125«4 tonnes of ccme per hectare removes 
84*37 kg ni t rogen, y7»d.^, kg phosphorus rnd 168.53 kg potassium 
per hec t a re . Co 740 crop harvested at 18 months in Maharashtra 
consumed 232.43 kg nitrogen and 76.82 kg of phosphorus per 
hectare and the.: jfleld var ied from 185.1 to 192 tonnee per 
hec t a r e . 
Co 313 in Bihar consumed 157 kg ni t rogen, 25 kg phoephorus 
and 218 kg potassium per hec ta re . Ojha et, al .(1974) have 
reported tha t a 75 MT/ha crop removes 195 kg N, 60 kg PpO^ 
and 300 kg K^ O per hec ta re . 
Thus,there I s a wide var ia t ion in the quan t i t i e s of 
major n u t r i e n t s taken up by di f ferent v a r i e t i e s at diff«rMit 
plaeos* Similarly^ the work done in India a t th« SugarenBi* 
Researab S ta t ion , Pa<i#gaoii during 1967-68 (Aaoiiyaow«, 1971) 
al«o i N ^ ^ r t i th9 •a rXl t r fln<£Liig« of Bmy <||^  | | * ( t9W) W4 
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V©«« (1963) regarding the v a r i e t a l va r i a t i ons in nu t r i en t s 
taken up bjff cropc at different l oca t i ons . 
The above observations also show tha t ni t rogen, potassium 
and phosphorus are required in l a rge quan t i t i e s and play a 
ve2?y i^?®rtaa* f^ le 4a growth and-d«v«lopafiat, aa tu i i t y -and 
r ipening. Moreover, i f any of these n u t r i e n t s i s def ic ien t , 
the uptake of other n u t i l e n t s i s affected, r e su l t ing in the 
disturbance of a number of metabolic processes . 
nu t r i en t requiremonts are determined through f i e ld plot 
t r i a l s and s o i l ana lys i s . Climate also plays a very extensive 
ro le in the u t i l i z a t i o n of n u t r i e n t s and has to be taken 
i n t o account in making ca lcu la t ions regarding the nu t i l en t 
requirements of the crop. I^hese are deteiiaincd through crop 
logg ing / fo l i a r ana lys i s , ^'he t h i r d to the 6th leaf laminae 
have been shown to be nost su i t ab le for estimating moisture 
and major and minor nu t r i en t s (Baver, 1962; LakehmJOkanthsun, 
1964 and Anonymous, 1972). 
The l i f e cycle of a 12. month old crop passess through 
3 main phases, i . e . , formative phase ( f i r s t 120 days), the 
grand period of growth (150 to 270 days) and maturity phase 
(500 to 360 days) according to LakshmO^antham (unpublished 
work). They have found a s ign i f i can t ly pos i t ive cor re la t ion 
between the mean leaf nitrogen in the grand period and y i e ld . 
Nitrogen i s the most important of the major n u t r i e n t s . 
I t has given the best and quickest return in terms of y ie ld 
when applied at the proper s tages of growth and in optimun 
dosss* •'•'he ni trogen received by a crop suaounts t© 55% ni t rog«i 
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appXle4 through f«rtilizerji plus the available oitrog*!! ift 
the unftrtllizad soil, ^arlous faotors such as low soil 
temperature and high air temperature have a deleterious 
effect on nitrogen absorption, resulting in its deficiency 
(Burr et ^ . , t957y. 
Three or four decades ago, nitrogen was applied to the 
crop mainly through oilseed cake. Today, however, mixed 
fertilizers i»e*, organic as well as inorganic are widely 
used by farmers. It has been found that the application of 
inorganic nitrogenous fertilizers affects the pH of the soil 
badly which resulted in lower yield. It was also believed 
that the inclusion of concentrates in the manurial schedule 
would have an adverse effect on the quality and quantity of 
juice but this has not been borne out by recent investigations. 
Forms of nitrogen 
There are several inorganic nitrogenous fertilizers in 
use. Nitrogen is geiierally applied through ammonium sulphate, 
ammonium nitrate, calcium ammonium nitrate, urea or through 
compound fertilizers like ammophos, diammoniuM phosphate etc. 
All of them have been shown to be effective if applied on the 
same nitrogen basis (i.e., on the basis of their nitrogen 
content) LakshmiOkanthaa jgt al, (196-^-65)• 
The continuous application of ammonium sulphate or other 
inorganic concentrated fertilizers have been reported to result 
in progressive decline in the cane yield at Shahjahanpur and 
Padegaon Research Stations. The decline was effectively cheeked 
when a basal dressing of compost weui applisd at Padegaon or 
when PpOc and K^Q equivalents of the coapost were added t© 
«I2» 
th« 80il» The inclus ion of sun-hemp in the form of green 
manure in the ro ta t ion also a r re s t ed the decline in y i e ld . 
However, continuous appl icat ion of ammonium sulphate a t 
iinsdcapaiie for 18 years did nat hecv^-aay adverse 0#f©«t^ &n 
y ie ld as compared to continuous appl icat ion of ammonium 
sulphate and groundnut cake on the same ni trogen bas i s 
(Anonymous, 1970j 1972). 
The above discussion of the effect of gunmonium sulphate 
on y ie ld makes i t c lea r tha t a combination of organic and 
inorganic manure should be preferred although in cer ta in 
cases only inorganic f e r t i l i z e r s may be used i f the s o i l 
and c l imat ic condit ions are favourable. 
Levels of ni trogen 
The efficiency of the u t i l i z a t i o n of ni trogen by the 
sugarcane crop, estimated on the weii^ted average value of 
applied ni t rogen, depends upon the timing of appl icat ion of 
tho nitrogenous f e r t i l i z e r s and adequate i r r i g a t i o n . Increaused 
l e v e l s of nitrogenous f e r t i l i z e r s have to be accompanied by 
increased frequencies of i r r i g a t i o n . Maxwell (1898) noted 
marked increase in t r ansp i r a t ion when nitrogenous 
f e r t i l i z e r s were applied to the pot i n vsdiich cane was growing. 
LakshmiKantham et al^ (19^2) also reported marked 
difference in cane and sugar y ie ld when Increased l eve l s 
of nitrogen were accompanied by grea ter frequency of 
i r r i g a t i o n (Table-1) . 
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Tab l t -U Average can© and sugar y ie ld of Co 4^9 at different 
l e v e l s of nitrogen and i n t e r v a l s of i r r i g a t i o n 
(Lakshmikantham et a l . , 1962). 
LEVELS OF IRRIGATION INTERVAL^  MEAN FOR LEVELS OFN 
N/HA 6 days 18 days 
^ane Sugar Cane Sugar cane sugar 
y ie ld y ie ld y ie ld y ie ld y ie ld y ie ld 
0 kg N 78.53 11.39 66.if5 9.46 72.49 10.42 
112 kg N 142.75 21.67 106.28 14.31 124.52 17.99 
336 kg K 145.32 19.57 98.74 12.58 122.03 16.08 
Time of appl icat ion 
The time of appl icat ion of nitrogen to the crop has a 
c ruc ia l ro le in the growth as well ae qual i ty of the cane. 
According to the recommendation of Singh and Gupta (I960) and 
Lakshmikantham (1965)» in a 12 month crop i t should be completed 
within three months of p lan t ing . The optimum time depends 
upon r a i n f a l l or the ava i l ab i l t y of f a c i l i t i e s for i r r i g a t i o n . 
The appl icat ion of n i t rogen, in 2 equal ins ta lments , at 45 
days and 90 days a f t e r p lant ing was found to be optimum at 
Anakapalle, At Padegaon, ni trogen applied in 4-6 instalments 
was found most benef ic ia l for an 18 month crop. In Northern 
India , ni trogen i s generally applied to the crop in only one 
instalment e i the r a t the plant ing time or a f t e r the monsoon 
s e t s i n . In Uttar Pradesh, however, the appl icat ion of n i t rog ta 
15 or 30 days before p lant ing or at the time of p lant ing was 
found desirable* Var ie ta l differences were also noticed 
(Anonymous, 1972). Ihe v a r i e t i e s with sparse root mymtim^ l i k t 
Co. 997, responded b e t t e r when the f e r t i l i s e r was applied l a a 
number of Instalmimta am i t I s l i a b l e to be leaehed out bjr 
iMiavy f^lftfaH o r i r r i ^ a i i o t t (A&onyaoiMy I9?2)« 
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PHOSPHORUS 
According to Killewljn (t952)i the eugarcaa© crop can 
absorb considerable quan t i t i e s of phosphfetQs from s o i l s of 
very Tow coneenfratione and^Iierefore ^WW lilddffl C5l€ aerosB 
the deficiency of t h i s nut r ient* However» deficiency of t h i s 
n u t r i e n t , when present , r e s u l t s in low root extension, poor 
root/shoot r a t i o , in te r fe rence in protein synthesis and 
increase in soluble ni trogen in tho stem. In Maharashtra, 
s o i l s under continuous cu l t iva t ion have exhibited phosphate 
deficiency and have responded well to phosphatic f e r t i l i z a t i o n , 
when the f e r t i l i z e r has been placed at the proper depth. 
However, the appl icat ion of phosphatic f e r t i l i z e r s at 
Shahjahanpur and in Tamil Nadu and Andhra Pradesh did not 
show any benef ic ia l effect on y ie ld and qual i ty of sugarcane. 
But at Mandya (Mysore) the appl icat ion of phosphatic f e r t i l i -
zers a t the r a t e of 112 kg P 0^ resu l ted in higher y ie ld 
(Lakshmikantham, 19545 Patwardhan and Si rur , 1954} Mitra, 1960j 
Anonymous, 1972). 
Application of phosphorus 
The appl icat ion of Pp^B ^^^o^S^ fo l i a r spray resu l ted 
i n a higher uptake of P2O5 than when the same amount waa 
applied to the s o i l . Field t r i a l s have shown that the app l i -
cation of superphosphates through legumes i s highly benef ic ia l 
to the suceeding cane crop. The depth of placement too play* 
a pos i t i ve role* Application of superphosphate at a depth of 
15 cm in deep s o i l s and half way <i©W the rldg« in modius 
s o i l * ^^ ^^^^ beneficiiO.* He»pons« to aauBonlun sulpliat* idad 
Increased due to the d»pth of phosphat»« (F«rooqm«, t954} 
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Tandoii ^ ^ . ^ 1954) • 
Fongg of phosphorus 
Th« eff ic iency of di f ferent phosphatic f e r t i l i z e r s 
depends on the chemical composition of the s o i l . Rock phoephat* 
i s cheaper for acid s o i l s t Superphosphate gives b e t t e r r e s u l t s 
than bonemeal on acid s o i l s while monocalcium phosphate i s 
more ef fec t ive than di or t r i -ca lc ium phosphate under limed 
as well as unlimed condi t ions . Mixed organic and inorganic 
f e r t i l i z e r s have also given good r e s u l t s . Where superphosphate, 
along with compost v/as applied, i t r esu l ted in maintaining the 
a v a i l a b i l i t y of PgOc to a g rea te r extent (Anonymous, 1972). 
POTASSIUM 
Potassium plays an important role in tYe metabolism of 
sugarcane. It is required in a quantity gr^ o-'fear than any other 
nutrient. Its requirement by a sugarcane c^ -op may exceed 900 kg 
K2O per hectare. A 247 tonnes per hectare crop removes about 
618 kg of K^O. 
An increase in the amount of the potassic fertilzer 
results in increased concentration of K2O in all parts of the 
cane plants. The deficiency of K2O leads to the accumulation 
of free amino acids in the plants, a lower rendement and 
»bunch top' (Humbert, 1968). K2O is trken up at a very fast 
rate in the aarly stages of growth, but there is a sharp 
didcliae in the middle of the growth period, "^he intensity of 
llgb>t aleo affects the efficiency of KgO utilization. Increas* 
in moi«tur« in a well aerated soil accelerates the rate of 
KgO aiworptiott but it is decreased if the soil is waterlogged, 
K^Q iMM mk «lltagenlstle •ffeet on the titilizatloii of «aleliui« 
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The applicat ion of K 0 has shown no pronounced effect on 
ju i ce qua l i ty . Sulphate of potash a^ well as muijjate of potash 
have been found to be equally effect ive f^anwar and Kochar, 
T960; ifiionpioue, 1972), 
The appl icat ion of K-O however, has not been found 
p ro f i t ab le in Bihar, ^ t t a r Pradesh, Rajasthan, West Bengal, 
Gujrat, Tamil Nadu, Mndhya Pradesh and Andhra Pradesh 
(Anonymous, 1972). 
Studies on the maturation and ripening of su/^arcane 
Sugarcane s to re s sugars in immature storage t i s sues in a 
small number of fully elongated j o i n t s near the base of s t a lk 
during the early period of growth and development. At t h i s 
s tage , the main concern of the plant i s growth and the maximum 
accumulation of sugar takes place only when the plant has 
a t t a ined fuH, successful growth, which i s followed by maturat-
i o n . After t h i s , the process of growth slows down owing to the 
depletion of water and nitrogen resources . The sa l i en t 
physiological feature of the plant a t t h i s stage i s one of 
sugar accumulation ra ther than u t i l i s a t i o n , except in the 
region of expanding in temodes with green l eaves . For the plant 
as a|i»hole, a po ten t i a l i s created for maximum sugar accumulation 
i n the storage t i s s u e s already l a i d down. The process of 
ageing, maturation and ripening are not the same in the 
physiological sense though they appear to be so to a lay 
observer. Maturation occurs when the fulfilment of the potenttol 
re fe r red to above has been achieved. Under na tu ra l condi t ions, 
r ipening follows maturation which depends upon the ageing 
process though ageing, maturity and ripening are not synonynotts. 
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I t IB poss ible to prevent the plant from maturing i n»p t t e 
of age by supplying water and nitrogen in abundance, irtiile 
ear ly ripening may be achieved by withholding water, nu t r i en t s 
e t c . , although the plant i s by no means mature. 
The modem commercial cane v a r i e t i e s mature and rip^a 
about 2-if months l a t e r than the growers would l i k e , '-^ 'iie use of 
ripening agents, growth cont ro l l ing compounds, f ie ld management, 
such as topping, water regulat ion and f e r t i l i z e r programming, 
can be so manipulated as to ripen the crop at the precise 
moment the farmers wish to harvest the crop. Similar ly , 
r ipening can be delayed and the fanners saved from lo s se s , i f 
the crop cannot be harvested at the time of ripening ur.der 
normal condi t ions . Last year, the cane growers of Uttar Pradesh 
had to suffer huge losses owing to the i n a b i l i t y of the sugar 
mi l l s and "khandsari" u n i t s to crush a l l the avai lable crop. 
I t i s prec ise ly such a s i t ua t ion where s c i e n t i f i c control of 
r ipening i s ca l led for . The qual i ty of the sugarcane i s 
determined by i t s sucrose percentage which reaches the optimum 
leve l when the cane i s fully ripened. I t i s the stage at 
which the crop should be harvested but i t i s seldom possible 
to do so under na tu ra l condi t ions . Excess of nitrogen avai lab le 
to the plant at the harvest time r e s u l t s in a low sucrose 
content (Nickel and Taniraoto, 1968). 
Clement ( 1 9 ^ ) reported poor sugar accumulation owing to 
heavy ni trogen f e r t i l i z a t i o n although po ten t i a l s torage aapaed^ 
had increased* I t hae been found tha t i f ni trogen i e applied 
to ratoon* older than 15 weeks, i t r e s u l t s i n low sttcross 
y i e ld (SanusI and Alers-Alers, 1964)* 
^m--
Boaaaet (196if) recommended tha t a l l ni trogen should be 
applied at p lant ing or immediately a f t e r harvest .* 
Climate has a tremendous influence on maturity and as 
such on xlpening and sucrose content . The age of the can© at 
harvest ing inf luences the maturation p ro f i l e within the s t a l k . 
Each var ie ty reaches i t s ripening peak a f te r which sucrose 
content declines i f the cane i s not harvested. 
Ripening in physiological terms i s a senescent s tage 
immediate between the rapid growth phase and ul t imate death of 
the p l an t . The agronomical concepts of ripening are usual ly 
based upon the appearance of in temodes no longer subtended 
by green leaves and a p a r a l l e l accumulation of sucrose in each 
successive in temode towards a common high value. 
S^bies on sucrose and glucose d i s t r ibu t ion of sugarcane 
s t a l k s of increas ing age revealed tha t sucrose values are 
higher towards the centre and decline towards each end. The 
differences were accentuated in younger j o i n t s of the green 
leaf area . The difference in sucrose values at the j o i n t s are , 
i n a l l p robab i l i ty , on account of d i f f e r en t i a l inver tase 
d i s t r i b u t i o n . Sacher et al .(1963) noted that i n t e r ca l a ry 
meristems bear much more inver tase than the cen t ra l i n t emoda l 
t i s s u e s . The vaculosc inver tase decline ( and hence growth 
decline) i s a motivating force towards sucrose re tent ion over 
ut i l izat ion^, Sucrose may accumulate i n l a rge quan t i t i e s in 
green l«af s torage region but as long as growth and metabolic 
proe«B0«ft continue at high l e v e l s , there i s l i t t l e expeetatloB 
that sucrose wi l l long rfoaodn in s to rage . I t means that 
e l i a a t i e «ad cultural factors a l ter the balance bet«e<»i sug£U> 
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u t i l i z a t i o n and storage by a l t e r i n g the inver tase control 
system. There a re , thus, mounting evidences that water, 
n i t rogen source, temperature and the cane genotype bear a 
powerful influence over inver tase regulatory m^elianism, 
The ro le of nu t r i en t s in maturation and ripening 
Nitrogen*. 
As pointed out e a r l i e r nitrogen has a de le ter ious effect 
on ripening i f l a t e i r r i g a t i o n i s accompanied by growth 
s t imual t ion through res idual n i t rogen. I t has the same effect 
i f ni trogen i s applied in heavy doses or delayed too long in 
the growing season. Unusual r a i n f a l l pa t te rn too prevent the 
u t i l i z a t i o n of nitrogen oarly in the groi3ing season and 
encourage non-u t i l i za t ion l a t o in the season. 
In our country, n i t rogen, in tljc Jena of Ammonium sulphate 
i s indiscr iminate ly used by farmers to s t imulate growth 
because they get paid for the tonnage of the cane crop and not 
on the bas i s of sugar content . I t causes loss to the crushing 
indust ry which ul t imate ly af fec ts the consumers by r a i s ing the 
cost of sugar production. All nitrogfflo^" f e r t i l i z e r s are equally 
e f fec t ive , except l i qu id ammonium n i t r . - t e . Ammonium sulphate , 
however, r a i s e s the pH and hence i t has a de le ter ious effect 
in acid s o i l s . I t i s recommended in areas having pH 7 or 
h igher . I t has been shown that excess of nitrogen avai lab le 
to the cane at the harvest ing af fec ts the qual i ty of the canty 
Clanents (1959) claimed tha t cane growing in a f i e ld with 
abundance of ni trogen as well as surplus moisture can n«ver 
achieve a highly ripened s t a tu s t Maturation i s , however, 
improved by applying a l l the ni trogen with the «e«d a t pX«atiaf 
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ils# Of as fWBfly aw possible after harvest, Sandy soils may, 
lMiiRPr€r>be given In split dosee as they are prone to sevez^ e 
laaching (Bonnet, 1962). 
Samuel® an4. Ala^S'-Alers ^96k} supplied variable 
combinations of NPK tp ratoons ranging in age from 5 to 21 
weeks. Working on the variety PR 900 grown in4humid area on 
salty day soil, they observed that nitrogen application 
(equal to 125 l^s per acre) at 15 weeks, significantly lowered 
the sucrose content of a 12 month crop. The nitrogen effect was 
produced even in the presence of phosphorus and potaBsium. 
Higher nitrogen application (250 lbs per acre) significantly 
lowered sucrose content when applied to a 3 week ratoon crop. 
Phosphorus 
Cross (1925) reported benefecial effect of phosphorus 
on ripening of mtoon ccne which was heavily fertilized with 
anroonium sulphate, 
Rege and Sannc Bhatti (1943) fixed the agrobiological 
r^te of nitrogen, phosphorus and potassium in Deccan soils at 
3 J T ; 9. They also reported that the application of 
phosphorus showed a tendency to promote flowering in sugarcane, 
Rege and Mascarenhas (1952) concluded that nitrogen and 
phosphorus ratios above 2:1 are conducive to higher tillering , 
early maturity and higher sugar recovery without affecting can® 
tonnage. 
Samuels in 1955 concluded according to Havangi •% a^, 
(1957) that phosphate had no considerable effect on the 8Uero«t 
content. The results of hundred* of field expertment* in Jwrci 
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have 6hoi«i that on an average phosphate application does not 
affect maturity, 
Singh (19%) observed that a survey of data so far 
available does not fully support the view that phosphorus 
hastens the process of ripening of cane, 
Arakeri (19%)» in suntnarizing the results of experiments 
conducted at Padegaon in phosphate deficit soils, has stated 
that application of phosphatic fertilizer is observed to 
increase tillering and to accelerate growth in early stages 
which finally results in early maturity, 
Samuel and Landrau (195^ 1) studied tne components of 
available sucrose percent cane from a series of experimente 
that had responded to NPK fertilization, -hey found significant 
reduction in brix, polarization, purity and available sugar in 
stalks and juice of the potassium deficient crops. It was found 
that when potassium was available to the soils in adequate 
amounts, nitrogen application significantly increased brix, 
polarization values and percent extractabiltiy, 
Divekar (1957) reported that spray of superphosphate at 
the rate of 5 lbs per acre induced profuse tillering resulting 
in jiore number^ of plants per acre. The treated plants also 
showed better growth in terms of height ana girth of cane. He 
alGo reported early maturity as well as production of richer 
cane as a result of spray applications. According to him, the 
treated cane reached maturity by the middle of October iriiile 
the untreated plants reached maturity by the end of November, 
Havangi et. a^, (1957) reported no benef»clal effeat ©n 
the sucrose content by phosphate application althou^ there 
i'2,Z'» 
was an increae* in t i l l e r i n g and therejiftr* in the number of 
canes per ac re . I t was also reported by them that s o i l r ich 
i n PoOc or appl icat ion of phosphates to phosphate deficient 
s o i l brought about early matur i ty . 
Tandon and BhoJ (19575 reported tha t wherever phosphate 
showed a benef ic ia l effect on cane y ie ld , i t generally had a 
depressing effect on the ju ice qua l i t y . 
Application of phosphates tnrough s o i l or through 
f o l i a r spray did not , however, show any appreciable response 
of sugarcane regarding y ie ld or ju ice qual i ty of cane, 
according to recent survey (Anonymous, 1977). 
Potassium 
Potassium poses manjir problems to the workers concerned 
woith the maturation and r ipen 'ng of sugcrcano* There are 
conf l ic t ing repor t s regarding i t s effect on cane y ie ld and 
qua l i t y . In cer ta in cases an increase in the tonnage and 
qual i ty has been observed ishile in others very l i t t l e or no 
influence of any kind has been reported. The incons is tenc ies 
obt ined with potassium in different regions show that the 
element performs some highly loce l i sed functions re la ted to 
sugar trsaisport and s torags which are e s sen t i a l ly independent 
of the ni trogen l eve l s found in leaf sheath, 
Landrau «t al ,(1959) obtained e r r a t i c responses to 
potassium f e r t i l i z a t i o n with two v a r i e t i e s grown on Vega Beja 
a i l t y clay in the humid to eemi-humid RLo Piedros area«. The 
same experiment gave s ign i f ican t y ie lds to nitrogen applied 
a t the r a t e of 300 lbs per acre , but there was no rtspsBM 
to phosphorus* 
»^3* 
Humbert (t963) streissed the n^ed to maintain adequate 
potassium in both sugarcane and sugarbeet to ensure optimum 
qua l i t y . Leurington et ^ » (1963) have, however, been puzzled 
by incons is tenc ies between avai lab le s o i l potassium and the 
t i s s u e potasaium as indicated by f o l i a r potassium index. 
^any workers, l i k e Hartt Cl969)f have noted an apparent 
r e l a t ionsh ip between potassium deficiency and low sucrose 
y i e l d s . This response was confined to humid and se^a-hir^iid 
regions . 
There i s , therefore , a strong evidence of spec i f ic K/N 
r a t i o needed for high ju ice qua l i t y . This has been suuported 
by Humbert (1958) ar.d Bonnet (1962). 
In t e re s t ing but unsjbstantiated explanations of the role 
of potassium in sugarcane maturation are ava i lab le from the 
work of Acevado-Eeiaos (1962) based on changing fo l i a r potassium 
content as a function of age. There v;as ear ly decrease 
followed by l a t e increase in potassium content of leaf blades* 
I t was, therefore , proposed that maturity niight be increased 
by l a t e a e r i a l potassium appl ica t ion . 
Conversely, potassium increasee at the l a t e growth s tages 
were also explained in terms of continued absorption as 
u t i l i a a t i o n decreased and t ranspor t (redi®t3d.bution) of the 
element from young to old t i s s u e s within the p lant• 
Conclusion 
The average yie ld of sugarcane In India i s much lowsr 
than those in other sugarcane growing countr ies of the world* 
The same i s t rue for the qual i ty of sugareans produced anauallf, 
l a e p i t e of the in t roduct ion of new high y le ld iag 
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v a r i e t i « » , the sugarcane production In Northern India i s far 
l e s s than tha t in th% S®uta» The sugar recovery i s also poor 
as compared to the Southern region. One of the reasons i s 
tha t sugarcane in North i s grown aa an ^ or TH ffiOnth crop* 
I t i s harvested in November to give way to ij&eat cu l t i va t ion . 
This r e s u l t s in the harvesting of the cane when i t i s not 
ful ly mature and ful l ripening has not taken place* Harvesting 
can not be delayed as i t would prove uneconomical, moreover, 
i n the cold uonths oT December and January, there wi l l be 
inversion of sugar thus reducing sugar recovery. 
I t i s , therefore , necessary to apply f e r t i l i z e r s in 
such an amounts and a t such a time tha t i t vrould ensure the 
maturing and ripening of the cane at the perdetermined 
harvest ing time in November* For t h i s purpose some pot and 
f i e ld experiments are planned as described in the next 
chapter . The f i r s t p lant ing wi l l be done in the spring of 
1980 at the farm of the Sugarcane Research S ta t ion , 
Shahjahanpur, U.P» 
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MATERIALS AND MEfHODS 
It has been proposed to select three high yielding cane 
varieties viz:, Co. J 58, Co. 1158 and Co. J 1148 representing 
one each of early, mid and late maturation periods for three 
field experiments to be conducted during 1980-82. The response 
of these varieties isili be tested in relation to the eff 
different doses, time and method of NPK application, as well 
as to the best source of nitrogen and phosphorus, by consider-
ing variuos growth and yield parameters for correlation studiee. 
The juice quality vdll also be tested in each experiment. 
All the experiments will be conducted at the Sugarcane 
Research Station, Shahjahanpur (U.P.), The soil of each 
experimental plot will be analysed before sowing. Sowing of 
setts, irrigation, weeding and harvesting will be done 
according to standard agricultural practices. The meteorologi-
cal data will be collected during the course of each experiment 
at the experimental site. The experiments will be laid out 
statistically and they will be conducted in small plots, each 
bed measuring 10 sq m (ijm x 2»5ia)» Each treatment will be 
replicated thrice. The results will be statistically analysed 
at the 5 percent level of probability. The details of each 
experiment of the proposed study are as follow: 
Experiment 1 
The first experiment will be conducted according to a 
factorial randomised block dasign during tha fmm 1980. Tha 
-2S^ 
eff«ct of different l eve l s of n i t rogen, phosphorus and 
potassium on the three se lec ted sugarcane v a r i e t i e s wi l l be 
s tudied on matur i ty , growth, y ie ld and cane qua l i ty . Thus 
^rKws Mtrogen l i v i l e <tOO, 150 and 200 kg H / t e ) | three 
phosphorus l eve l s (50, 75 and 100 kg PpOn/ha) and three 
potassium l e v e l s (150, 200 and 250 kg KgO/ha) and t h e i r 
combinations wi l l be studied with an un fe r t i l i z ed con t ro l . 
Urea, mono-calcium superphosphate and muriate of potash wi l l 
be taken as the sources of n i t rogen, phosphorus and potassium 
respec t ive ly . 
Experiment 2 
This experiment wi l l be conducted in 198I on the bas is 
of the r e s u l t s obtained in Experiment 1, Thus, the most 
responsive var ie ty with optimum dose recorded wi l l be applied 
by considering the effect of three sources of nitrogen (urea, 
ammonium sulphate , and calcium ammonium n i t r a t e ) and three 
sources of phosphorus (monocalcium super phosphate, diammonium 
phosphate and sodium dihydrogen orthophosphate) with a 
uniform optimum potassium dose obtained in Experiment 1 in 
the form of muriate of potash on maturi ty, growth, y ie ld and 
qual i ty of the se lec ted va r i e ty . 
Experiment 3 
This experiment wi l l be conducted in 1982 to study the 
effect of the methods and time of appl icat ion of fer t i l i ssers 
in the va r ie ty t e s t ed in Experiment 2 on matur i ty , growth, 
y ie ld and qual% of j u i c e . Thus, the effect of two M«thod« 
t broadcast and in furrows ) of f e r t i l i s e r appl icat ion aad 
s i x types of appl icat ion of f e r t i l i s e r v l z s , ( t ) Full at 
•dvliig} (2) Half a t soiling and half a t pra-aoaaofm} (3) Half 
a t wmAng wmA half a t f#«t-n{»ii«o«mi (k} 3/k « t •owinf aiii k i ^ 
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pi?e-aon» oonj (5) 3/4 at sowing and i at post-monsoon; and 
(6) i a t sowing, ^ at pre-monsoon and i a t post-monsoon, wi l l 
be s tudied. The dos© and sotirfr© -of n l t rogea aa4 phosphorus 
w i l l be se lec ted on the bas i s of the r e s u l t s obtained in 
Experiment 1 and 2 . Potassium wil l be uniformly applied at 
the optimum r a t e in the form of muriate of potash obtained 
i n Experiment 1. 
Maturity 
The maturity of the cane v,lll be noted and the time 
taken for maturity under the influence of various treatments 
wi l l be recorded. 
Growth c h a r a c t e r i s t i c s 
Plants wi l l be col lec ted for growth c h a r a c t e r i s t i c s a t 
two s tages (pre-monsoon and post-monsoon) from each bed* The 
follovri.ng parameters wi l l be recorded: 
1. Tiller number/plant 
2. Leaf number/plant 
3. Number of nodes/plant 
4. cane height/plant 
5. Fresh weight/plant 
6. Dry weight/plant. 
In addition, the leaves of the sampled plants after completing 
the above growth observations will be sampled and utilised 
for the estimation of their nitrogen, phosphorus and 
potassium contents on the basis of percent dry weight, 
Leaf aaalysjg 
After noting the growth characterletiea, taeh leaf 
saBple will be wiped free of any adhexi&g du»t by vacbiag ia 
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tap water. It will then be kept for drying in an oven afc a 
temperature of 80°C for 24 hr. Dry weight of each sample 
will be taken after proper drying. Fully mature leaf blades 
will be- deta^he^ from ^ he shoots-, finely powdered to pail 
through a 40 mesh screen and stored in screw-capped polythene 
tubes for analysis (Lundegardh, 1951 )• •'•be total nitrogen, 
phosphorus and potassium contents will be determined at the 
selected stages of growth. 
Digestion 
Digestion of leaf samples will be done by the method of 
Lindner i\Skk)* This is summarized below: 
Before weighing the leaf powder for digestion, a 
sufficient amount will be spread in a thin layer on a clean 
sheet of paper and dried overnight at 70°C in an oven. The 
dried powder will be taken out and kept in a dessicator for 
a while. For digestion, 100 mg of each sample will be v;eighed 
and transc^ ferred to a 50 ml Kjeldahl flask carefully and 2 ml 
chemically pure sulphuric acid will be adddd. The mixture 
will be heated gently on a temperature controlled heating 
assembly till the sample is broken down and partially dissolved. 
The heating will be continued for two hours in order to 
reduce the leaf nitrates completely by the organic matter. 
Dense fumes will be given off at this stage and the contents 
will turn black. The flasks will be ccNiXed for 10 minutes. 
After cooling, 0,5 ml of chemically pure 30 pere«tit hydrogea 
peroxide will be added and the solution will be h9at#d agida* 
-Bett«e fumes will bagin to cone out and the contents will 
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change fpoM blaek to colourless* After heating for about 
fifteen minutes, »*,en the fumes clear off, the contents will 
"b# cool taxi again. When the contents in the Kjeldahl flasks 
become perfectly colourless they will be diluted with double 
distilled water and transferred, with five or six washings, 
to 100 ml volumetric flasks and made upto volume. 
Estimation 
(i) Nitrogen t Total nitrogen in leaves will be estimated 
after nesselerlzation by the method of Lindner (1944). A 10 ml 
aliquot of the peroxidase-digested material will be transferred 
to a 50 ml volumetric flask. To this, 2 ml of 2.5 N sodium 
hydroxide ¥J111 be carefully added with the help of a micr^-
burett© to partially neutralize the excess of acid. Then, 1 ml 
of sodium silicate solution will be added to prevent turbidity. 
The volumes vd.ll b© made upto the mark. Of this solution, 5 ml 
will be pipetted into a test tube marked at 10 ml and 0.5 ml 
of Wessler's reagent added drop by drop, shaking the tube 
after adding each drop. Water will be added to make up the 
volume to 10 ml. The contents will be allowed to stand for 
five minutes to allow maximum development of colour. The 
solution will then be transferred to a colorimetric tube and 
the optical density read at 525 nm on a "SpeGtronic~20" 
colorimeter. A blank will be run with each sample, '^e 
reading of each sample will be compared with a calibration 
curve obtained by using known dilutions of a standard 
ammonium sulphate solution.. 
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( i i ) Phosphorus; Total phosphorus wil.. be estimated by the 
method of Fieke and Subba Row (1925). Br ief ly , a 5 ml al iquot 
of the o r ig ina l peroxidase-digested solut ion wil l be taken 
in a t e s t tube marked at TO ml. To i t ^ I ml molybdic acid 
(2.5% ammonium molybdate in 10 N H2SO.), followed by 0.4 ml 
1:2:4 aminonaphthol sulphonic acid, wi l l be added careful ly 
when the colour wi l l turn b lue . Water wi l l be added then to 
make upto volume. After iiraiting for five minutes, the blue 
coloured solut ion wil l be t ransfer red to a colorlmetr ic tube 
and the op t i ca l density read at 625 nm on a "Spectronic-20" 
colorimeter . A blank wi l l be run with each sample, '-"-'he 
phosphorus content of each sample wil l be obtained by comparing 
i t s op t i ca l density with a ca l ib ra ted curve p lo t ted by taking 
known d i lu t ions of a standard solut ion of monobasic potassium 
phosphate. 
( i i i ) Potassium: Potassium wi l l be estimated flame photo-
me t r i ca l ly . For t h i s , 1 ml of the digest wi l l be taken and 
read at 768 nra. A blank wi l l be run s ide by side . The readings 
w i l l be compared with a ca l ib ra t ion curlie p lo t t ed for different 
d i lu t ions of a standard potassium sulphate so lu t ion . 
Yield c h a r a c t e r i s t i c s The following observations wi l l be 
recorded for the purpose; 
i ) . Cane height /p lant 
i i ) . Cane weight/plant 
i i i ) . Number of nodes/plant and 
i v ) . Cane y ie ld ( tons /hec ta re ) . 
Ju ice Quality/caae quality? The qual i ty of cane wi l l b« 
Judg«d on the bas i s of the values of b r ix , pol (po l a r i i a t i on ) 
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and purity of cane juice . Brix, vriiich indicates the percentage 
of to ta l solids in the juice, will be measured with Brlx 
hydrometer, Pol, indicating thoApercent juice, will be 
determined with polarimeter* %e purity i s determined by the 
proportion of sucrose to to ta l solids and i s given by: 
Purity^ J^otS^lolids (brix) ^ ^°° 
S ta t i s t i ca l analysJK 
All the experiments will be s t a t i s t i c a l l y designed and 
the data collected will be subjected to s t a t i s t i c a l analysis. 
The significance of the resul ts will be determined at the 
5% level of probability, The resul ts will be discussed in 
the l ight of the publications of other workers. 
( i ) 
REFERENCES 
Anonymous, 1969* 
Anonymous, 1970. 
Anonymous, 1972, 
Acevado-Ramos, S. 1962 Analysis of probable re la l ionsl i lp 
between leaf K and sucrose content 
a t maturity of sugarcane, J . Agric. 
Univ. Puerto Rico, 1^61 15-22 
Anonymous, 1956i 1967-71. Annual repor t , Sugarcane Research 
Scheme, U,P. 
Production year book FAO, Vol. 2^: 
91. 
Annual report, Sugarcane Research 
Station, Anakapalle (Cited from 
Anonymous, 1972, p. 128), 
The Wealth of India. C.S.I.R. 
Publication, Vol. IX, Hew Delhi, 
pp. 96-1C65. 
Twenty five years research results, 
IISR, Silver Jubilee, Lucknow, 
Present position of sugarcane 
research and development in Bombay 
State (Cited from Havangi et_ al,, 
1957). 
Research precedes production, Proc, 
10th Cong, ISSCT, pp. 17-51. 
Practical lessons from tr«nde in 
HaiMdian eugar production* Proe» lOtfe 
Cong, ISSCT, pp, 66-77« 
Anonymous, 1977 
Arakari, A.R, 1956* 
Baver, L.D. 1959. 
Baver, L,D, 1962. 
(li) 
Bonnet, J»A, 1962# 
Bould, C. 1965. 
Beauchamp, C.E. 1951. Sugar No. 16, pp 42-45, abstract 
I.S.T. August 1952i Vol. L.IV, p, 
644. 
Chemical concept of sugar formation 
and maturity status of harvested 
sugarcane in Puerto Rico. Sugar, J., 
2^: 45-54. 
I'ttneral nu t r i t i on of p lan ts in s o i l s . 
In: Steward, F.C. (Ed.) "Plant 
Physiology-A t r e a t i s e " Vol. I l l , 
Academic Press , New York. pp. l6-96» 
Boussingault, J .B . 1858. Tra i t e de chimie, Brussels (Cited 
from Russell , 1950). 
Boussingault, J .B . 1841. Essai de Stat ique chimique desetress 
organises . Par i s (Cited from Russel l , 
1950). 
Burr, 6,0,, Hart, G.E,, The sugarcane plant. Ann. Rev. 
Brodie, II.V/,, Tanimoto, T., 
Kartschack, H.P., Takahashi,Plant Physiol. Qt 275-308. 
D,, Ashton, F.M. and Coleman, 
K.E. 1957. 
Clement, H.F. 1940, 
Clement, H.F, 1959. 
Factors affect ing the germination 
of sugarcane. Hawaii, P l r ' s R e c , 
44: 117. 
Quality in sugar product ion-f ie ld 
aspects , Rep. Hawaiin Sugar Technol* 
A s s c , 18th Ann meet, pp. 17-24* 
(iii) 
Qrome, W.E. 1925. 
Dillawijn, C.V. 1952, 
Divakar, M.V, 1957. 
Evans, H.J, and Sorger, 
G.E. 1966. 
Farooque, M. 1954i 
fertilizing ratoon cane with 
ammonium sulphate. Facts about 
sugar, 20: 113 (Cited from Tandon 
and Rhoif^ 1957)* 
Botany of sugarcane. The Chronica 
Botanica Co. Waltham Maes, 
Preliminary studies on foliar 
feeding of phosphate on growth and 
maturity of sugarcane. Proc, 5J*d 
All India Conf. SRDW, pp. 94-96* 
Role of mineral elements with 
emphasis on the univalent cations. 
Ann. Rev. Plant Physiol., J^' 47-76. 
Spray application of phosphatic 
fertilizers and their uptake by 
sugarcane leaves, Proc. 2nd Cong, 
SRDW, Pt, 11, pp. 657-661. 
flske, C.II. and Subba Row,The colorimetric determination of 
Y. 1925. 
phosphorus, J, Biol, Chem,, 66: 
375-400, 
Havangi, G.V., P a t i l , S.K^hosphatic f e r t i l i z a t i o n of sugar-
and Arakari, H,R. 1957. 
cane in the Bombay Deccan ( i ) I t s 
effect en y ie ld and qual i ty of ju ice 
( i i ) s o i l analysis as a guide. Proc. 
3rd All India Conr. SRDW,, pp. 97-104. 
The e s sen t i a l nu t r i en t elemente, 
requirements and in t e r ac t i on in p lants 
InI Steward, F.C. (Ed.) "PXaat 
Phyaiolegy^^A t r e a t ! — " , V©1» I I I * f|> 
t37-360» Ma4«idc ^wmm* ^Mr ti^iM^ 
Hewitt, E.J, 1963. 
(iv) 
Humbert, R,P. 1958. 
Humbert, R.P, 1963. 
Humbert, R.P, 1968, 
Kanwar, R.S, and Kochar, 
A.S. 1961. 
Knop, W. 1861. 
LakshiniC-Kantham, M» 1954* 
LakshmiCKantham, M, and 
Prasada Rao, K.K. 1960. 
LaksholCKanthan, M., 
Suz'yanairayana, J.V«V« and 
Praeada SAO, K.K, 1960. 
Potash fertilization in Havaij^ n 
sugar industry. Potassium Symp,, 
Int. Potash Institute, Berne, pp. 
519-544. 
Potash and sugarcane qua l i ty . Proc. 
I n t . Soc. Sugarcane Technol., 11; 
n>125. 
The groTsing of sugarcane: Elseiner 
Publishing Co. Amsterdam, pp. 178-213. 
Effect of NPIC f e r t i l i z a t i o n on the 
mineral uptake and ju ice qual i ty of 
sugarcane. Proc. 4th All India Conf. 
SRDW., pp. 74-82, 
Quanti tnt ive analyt ische Arbeiten 
Uber den Ernahbrung sprocess der. 
Pflanzen, Landwirtsch. Vers, S t a . , 
1 : 295-524 (Cited from Bould, 1963). 
Influence of phosphatic mannures on 
y ie ld and qual i ty of sugarcane in 
South India (A review). Proc. 2nd 
Conf. SRDi., pp. 503-513. 
Studies in the ju ice qual i ty of 
sugarcaAe s t a l k s of the same age but 
o r ig ina t ing from different plantinga. 
Proc, 4th All India Conf, SRDW., pp, 
186-195. 
Studies in the aathod of altVGgaa 
f e r t i l i z a t i o n to augarcaae at 
Aaakapalla* ^ro«« 4th Conf, SGSV«| pp. 
85*96t 
(V) 
Landrau J r . , P., Samuels, 
G. and Alers-Alers, S, 
1959. 
Leurington, K . C , Sedl, 
J.M, and Burge, J.R, 1965« 
Liebig, J» 1840. 
La&BhmllKaatham, M, et eGL,.Average cane and sugar y ie ld of 
1962. 
Co 419 a t different l eve l s of 
nitrogen and intervals of i r r i g a t i o n . 
Fmc, 11th Cong. ISST., pp. 238. 
I'he response of sugarcane v a r i e t i e s 
to f e r t i l i z e r s at Rio Piedro«» 1954-
57. J . Agri, Univ. Puerto Rico. , 45: 
73-88. 
Some problems of predic t ing requi re-
ment of sugarcane. •*^roc. I n t . Soc. 
Sugarcane '-^'echnol., JJ.: 123-130, 
Organic chenistry in i t s appl icat ion 
to agr icu l ture and physiology 
(Playfa i r , L. Ed.) 'Baylor and Walton 
London (Cited from Bould, 1963). 
Rapid ana ly t ica l methods for some of 
the more comao» inorganic const i tuents 
of plant t i s s u e s . Plant Physiol . 19? 
76-89. 
Leaf ana lys i s . (TrcJtislated by R.L. 
Mitchell) Il i lger and Watts, Ltd . , 
London. 
3vapo r a t i on and plant t r ansp i ra t ion 
J , Amer. Chem, S o c , 20: 469-485» 
A note on the effects of a^plleaii^B 
of different doses of nitrogen suad 
phosphate on sugarofloiw In ^•s% B«aig«2,. 
Proc« 4-th Conf, SRDWt, pp. 82*85. 
Lindner, R.C, 1944. 
Lundegardh, H. 1951• 
Maxwell, W. 1898, 
Mitra, N, I960. 
(vi) 
Nick#ll» D.G. and '•^ 'animoto,Sugar ripening with chemicals, R©pt, 
F. 1968. 
^awaii. Sugar Technol. 1967, pp. 
Ojha, S.K., Dua, S.P. 
and Singh, S.V. 1974. 
Patwardhan, G.K, and 
Sirur, C.S. 1954. 
Rege, R.D., Jayaram, S. 
and ^rishnaaurthy, A,V, 
1962. 
104-109 r 
Effect of nitrogen, phosphate and 
potash fertilization on yield and 
juice quality of sugarcane. Proc, 
40th Ann Conf. Sug. Technol. Assoc. 
India. A-43, A-48. 
Place of superphosphate and its 
placement in cane culture. Proc, 2nd 
Conf. SRDW., pp. 463-468, 
Fertilizer experiments on sugarcane 
in South India, HPK trials at Nelli 
Kuppam. Indian J, Sug. Res. Dev., 2* 
19-29. 
^ege, R.D, and Mascaren- Biochemicrl studies in the mineral 
has, J.P. 1952. 
nutrition of sugarcane, ^ eccan Sug. 
Technol. Assoc, 9th Ann. Conf., pp. 
67-68. 
•Problems oifi sugarcane physiology in 
Deccan ^anal Tract . V. Mineral 
n u t r i t i o n . Indian J . Agric. S c i . , 13: 
111. 
Soil conditions and pi nt growth. 
Longmans Green and Co., London, 
Rdge, R,D« and Sanna 
Bhatti, S»K, 1943. 
Russell, E.J. 1950. 
( v i i ) 
'cdiii-Ucrotiiiar, F, I8ij.9« 
Sachs, J, 1860» Von. Berichte uber die physiologische 
^hatigheit an der vereuchstation in 
J^hajianiit,*_iy^^X©setJttioa«yj>issu^h^^ 
mit Ausschluss des Bordens uber di© 
i^ahrctoffe unfl sonstigen Emahrungs 
Bedingungen Von Mais, Bohmer und 
anderen. Pflanzen, Landwirtsch. 
Vers, S t a , , 2: 219-268 (Cited from 
Bould, 1965). 
Sacher, J ,A. , Hatch, M.D.jRsgulation of inver tase synthesis 
and Gas25ione, K»T» T965« 
in sugarcane by an auxin and sugar 
mediated control system. Physiol . 
P l a n t , , ]6L* 836-042, 
Zu, versuche uber die nothweniigen 
Aschenbestandtheile e iner pflanzen 
spec ies , J . p rak t , Chem,, f^ : 195-211. 
Zu, Hecherchos sur la n u t r i t i o n de 
lavoine, part icul ierement en ce qui 
concerne l e s matieres qui sont 
necessajbres a c e t t e n t i t r i t i on , Ann. 
Chim. St phys. , i ^ 461-509. 
Effect of time of nitrogen applicaticm 
on the sucrose content of sugarcane 
ratoons. J, Agric. Univ. Puerto Ric©, 
il2.: 129-143. 
Influence of f e r t i l i z e r s on th« 
components &t ava i laMe sucros* 
percent cm&m J* Ajgritn % 1 Y . Puept® 
Salm-IIorstmar, F, 1651. 
Samuels, 6, and Alers-
Alers , S. 1964. 
Samuels, Q. and Landrau 
^ r , P . 1954. 
(viii) 
de Saussure, T, 1804* 
Singh, D. 1956. 
Singh, M. and Gupta, A, 
I960. 
Steward, F.C. and Durzan, 
D.J. 1963. 
Tandon, R.K, and Bhoj, 
R.L., 1957. 
Tandon, R.K., Kapoor, 
G.F. and Il isra, G,II» 
1954. 
Verma, S.C, and Verma, 
H.P. I960. 
Vose, P.B. 1963* 
Recherchee chimiques sur l a vegeta t -
tion.CCitefl from Bould, 1965). 
Phosphate f e r t i l i z e r s for sugarcane, 
A c r i t i c a l review, Ind, Su'g,, §J 
151-154 and 206-212, 
Time of appl icat ion of nitrogenous 
f e r t i l i z e r s to sugarcane in Western 
t r a c t of Uttar Pradesh. Proc, 4th 
Conf. SRDW., pp. 66-75, 
^'^etabolism of nitrogenous compound. 
In : Steward, F.C, (Ed.) ' 'Plant 
PhysloloRY~A t rea t i se"^ Vol. IV, pp, 
581-686, Academic Press , New York, 
Response of sugarcane to phosphate 
manuring in the dif ferent t r a c t s of 
Uttar Pradesh.>5rd All India Conf. 
SRBW,, pp. 104-112, 
^ e r t i l z e r s and cane cu l t iva t ion in 
Uttar Pradesh ivith specia l reference 
to phosphate manuring, ^roc , 2nd 
Conf. SRDW, P t . i i . PP. 469-475. 
Leaf ni trogen s tudies under different 
manurial and cu l tu ra l p rac t i ces in 
sugarcane, Indian J , Sug, Res, •'^ev,, 
4: 254-258, 
Var ie ta l differencss in plant 
n u t r i t i o n . Herb, A b s t , , ^ : t , 
(Cited from Anonymouo, 1972, p»T27)* 
(ix) 
Way, J , F , 1350. On the power of s o i l to absorb 
manure. J . Roy, Agr, Soc. S i g l , , 
JM: 315-379. 
Wolff, E. 1871. Aschen analysen ^erlin, (Cited from 
Russell, 1950) p. 83. 
